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-

SUPERSONIC WAVE DRAG OF NONLIFTING SWEPTBACK
TAPERED WINGS WITH MACH LINES BEHIND
THE LINE OF MAXTMUM THTICKNESS

By Kenneth Margolis

SUMMARY

A theoreticael Investigation of the supersonic wave drag of nonlifting
sweptback tapered wings having thin symmetrical double—wredge airfoil
sections with maximum thickness at 50 percent chord has besen presented in
WACA TN No. 1448. The present paper extends the investigation to include
"supersonic" maximm—thickness edges; that i1s, the flight velocity component
normal to the line of maximmm thickness is supersonic. This condition
exligts at Mach numbers for which the Mach lines have angles of sweep
greater than thet of the line of maximum thickness.

For wings of equal root bending stress (and hence of different aspect
ratio) and given sweepback , baper Increasss the wing wave—drag coefflcilent
at Mach numbers for which the meximum~thickness line is moderately supersonic
end has negligible effect at higher Mach nuwbers. This trend is similar to
that evidenced by the effect of high aspect ratio for given sweepback and
taper ratio. Comperisons on the basis of consbant aspect ratio for glven
sweepback, however, indicate a decrease of the drag coefficient with taper
at Mach nmumbers corresponding to moderately superscnic maximum—thickness
lines and a negligible effect due to taper at the higher Mach numbers.

For given taper rabtioc and aspect ratio, increased sweepback incresses the
drag coefficlent at Mach numbers for which the meximm—thickness line is
supersonic.

INTRODUCTION

In reference 1, equatlons are derived and calculastlons ares presented
for the supersonic wave drag of sweptback tapered wings with thin symmet—
rical double—wedge sections wlth maximum thickness at 50 percent chord
(that is, rhombic profiles) at zero 1lift. The renge of Mach number con—
sldered in reference 1 is between 1.0 and the value corresponding to the
condlition where the Mach lines are parallsel to the meximm—thickness line,
that is, the Mach number range corresponding to "subsonic! maximm—
thickness lines. (When the flight velocity component normal to an edge is
subsonic, the edge is termed a "subsonic" edge.) This condition exists
at Mach numbers for which the Mach lines have angles of sweep less than
that of the line of maximum thickness.

The present paper completes the wave—drag Investigation of nonlifting
tapered wings by extending the Mach number range to include "supersonic™
maximim—thickness lines; that is, the region vhere the Mach lines have

angles of sweep greater than that of the line of maximum thickness.
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Accordingly, equations are derived for the supersonlc wave drag of
sweptback tepered wings with thin rhombic sections at zero 1lift. Calcu-
lations are presented for somp repressntative plan forms. As in
reference 1, the airfoll sections and wing tips are chosen parallel to
the dilrection of flight, end the angle of sweepback is referred to that
of the line of meximum thickness. For purposes of—completeness, the
results obtalned in. reference 1 for the lower. supersonic Mach numbers are
included in the discuselion and conclusions of the present investlgation.

SYMBOIS
X, ¥, 2 Carteslan coordlnates i
\ velooity in flight direction
p - density of air
PaYs) preogsure Increment
] dynamic pressure C%dfa
P dlsturbance-veloclty potentisl
M : Mach number
. I S
dz/diﬂ "slope of airfoil surface, measured in f£light direction
a root semlchord, measured in flight direction
c chord length at spanwise station y, measured in flight
direction
t maximum thickness of section at spanwise station ¥
A engle of sweep of maximum-thickness line,'aegrees
my _ slope of line of maximmum thicknsss (cot A)
my slope of wing leading edge . _
my slope of wing treiling edge é;ggfg——
b span of wing
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_b/2 -

d =
mo
S wing area
A agpect ratlo (;?ﬁ%
A taper ratlo (ratio of +ip chord to root chord)
4, section wave-drag coefficlient at spanwise station ¥
exclusive of tlp effect
cdti increment in sectlon wave-drag coefflcient at spanwise
P gstation y due to tip
Ca - section wave-drag coefficlient at spanwise statlon ¥y
(cdno * Cdt1£>) -
an wilng wave-drag coefficlent exclusive of tip effect
CDtip incrsment in wing wave-drag coefflclent dus to tip
Cp wing wave-drag coefficlent @Doo + GDtip)

Subscript s refers to conditions at root
ANATYSTS

The anslysis i1s essentially thaet used in references 1 and 2. A
brief outline of the basic equations i1s included for convenience.

The assumptions of small disturbances and a constancy of sonic
velocity throughout the fluid lead to the linearized equation for the
disturbance~velocity potential @

( —M2)¢xx+cpyy+q>zz=0 (1)

where M 1is the Mach number of ths flow and the derivatives are taken
wlith respect to the variables x, y, and z of the Cartesian coordinate
system. On the basils of this linear theory a solution for a uniform
gsemi-infinite sweptback line of sources is derived in reference 2. Ths
pressure field assoc’eted with this solution corresponds to that over an
alrfoll of wedge section. The pressure coefficient Ap/q at a spanwise

station y and point x along the wedge 1s, for B £ iLy

m



L " NACA TN No. 1672

2
p_24z _m cosp-L Z - TBTY (2a)
1l - mlEBQ -
i}
and, for B > m—l’
Ap _pag  om - gx-mp
s = X ax cos” (2p)

Jnes ™

where m, 1s the slope of -the leading edge of the wing, dz/dx is the
tengent Gf the half=wedge engle (approx. equal to half.wedge angle eince

the angle is small), B = \/ﬁ - 1, and the origin of the line source is
taken at (0,0). In the region between the leading edge_and the Mech coms

2
X - mB
s’l 1Y is constant

(that is, x Sy S mlx) , the real part of co
Bly - m1x|

B
and equal to =n. Equation (2b) then reduces to

&0 _pdz__ 3
q ax

% m1252 -1 (Be)

The~ dlstribution of pressure over sweptback wings of desired plan
form and profile is obtained by superposition of solutions for wedge-type
alrfoils. Reference 1 adequately describes the superpositions necessary
to satisfy the boundary conditions over the surface of a tapered wing of
rhomble section, and therefore the procedure will not be resteted herein.
Figure 1 shows the dlstributions of sinks and sources for a tapered wing
and ldentifiea the system of axes snd the symbols assoclated with the
derivation of the drag equations.

The disturbances caused by the elementary line sources and sinks
are limited to. the regions enclosed by their Mach conses. Flgure 2 shows
the Mach lins configuration for the tapered-wing plen forms end indicates
ths regions of the wing affected by each line source and sink. TFor
purposes of simpliification the tapersd wings consildered wers restricted
to those with no tip effects other than the effects sach tip exerts on its
ovnt half of the wing. For a wing of taper ratio 0, no tip effects need .
be consldered eince. the. Mach lines originating at the tip do not enclose
any part of the wing. - S - : o ; .
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The pressure coefficients obtained from superpositlion of solutions
glven in equations (2) ars converted into drag coefflcients by the
. following relations:

/2
CD = § Cgc ay
0
: )y /2 [IT.E.
_ 4 Ap az (3)
=35 T &Y
o LIEQ

where b 1s the wing span, S 1s the wing area, dz/dx is the slope of
the airfoil surface, and L.E. and T.E. denote leasding edge and trailing
edge, respectively.

x [}

DERTVATION OF GENERALIZED BRUATIONS

By appropriate superposition of solutions for wedge-type airfoils,
the pressure field 1s obtained for a tepered wlng with leading edge,
trailing edge, and lins of maximum thickness sweptback. The drag equations
are derived for half of the wing since the drag is distributed symmet-
rically over both halves. The 1nduced effects of the opposite half-wing
are represented by the conjugate terms In the integrands of the drag
integrals.

For a rhombic profils,

where t/c 1is the section thickness ratio. The generalized equaetions for
supersonic wave drag excluslve of tip effects are obtalned as follows
(see fig. 3 for information pertinent to integration limits):
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1 1
b/2 S _
erCQo 19
= c; ¢ dy
8(t/c)2  h(t/c)? %o
0
y+mpa,
a po a_
Comy N "o o2
i : 4. - Adxady -~ A dx dy
o1 2 Sl
1 - mlzﬁ 5 Ly'mla' y

I A NS e (he)
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For B > —l-
/2
3
8(t/c) u(t/c)2
a
meB-1 i}
n dx dy - n dx dy
vleBE y-mla maa,
moB-1 . Ymp
+m2a a _y_
"o )
- % dx 4y + n dx dy
| Bt y-me
_l h my
mpe. _y_ mna J+moa
moB-1 |'mo mop-1 [ mp
+ C dx dy - C é&x dy
J
0 yB~a 0 LA
‘ En
Smos  yumpa mos 78
mpB-1 ' mp 2my 2p-1
- C d&x dy|+ n dx 4y
my=p= - 1
07 Uyp-a 0 U
mpB -1 mo
yHmA moa  JimoS
d_ "
"o mp maB-1 |Tmp
+  dx 4y + B dx 4y (i)
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where
.1 X+ a+ mlﬁey = X +8 - mlBEy
A = cosh + ©o8
Bly + my(x + a) | Bly - m(x + a) |
1 X + mply 1 * - mpfy
B = cog - —— + co8 ——e
Bly + mox | " Bly- mox |
and o
2 o 2
1 Xt+ta+mpBy -1 x + a - mpy
C = cos

‘-l— co8

Bly + mi(x + &) Bly - m(x + a) |

It should be noted that equations (4) give the drag for plan-form
configurations where the tip is placed farther spenwlse.than ths points
of iIntersection between the Mach lines and the trailing edge. (Ses fig. 3.)
Deletlion of certain integrals and appropriate changes In the y limits
of other integrals may be made for configurations where tha tlp is placed
nearer the root-chord. These equations are evaluated and the resulting
gection wave-drag and wing wave-drag formulas for all tapersd plan forms
are presented in sppendix A.

As stated previously, the tapered wings considersd have no tip effects
other than those that each tilp exerts on 1ts own half of the wing; that is,
the Mach lines from one tip do not enclose any part of the opposite half-
wing. This condition 1s expressed mathemaetlically as follows:

2dmg )-l-ml (5)

A t tlo =
spect ratlo a(l+7\,)g(l+x)(l+m16)

Tip chord )
where A 1s the taper ratio| ——————}. It can bs seen from
Root chor

equation (5) that this simplification does notmaterially limit the reng

of Mach number that may be considered. In fact, since these equations
Involve only Mach numbers corresponding to supersonic maximum—thickness
lines, the limiting effect imposed in equation (5) is found to be negligible.
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The wave-drag contribution of the tip is (fig. 3):

For = §;3§_l_
oo my

)

mod.

“SCDtj:E _ P
8(t/c)?  k(t/c)? Imymoa(1+mB)-2myme
mj (1+moB )

cd‘bipc dy

B J

a bl

my "o ['Eo .

= m————— D dx &y
V1 - m 22 tmoad.(l+m15)-m1mo& mod (1+m 8 ) -my (a+By)

my (L+moB ) my

JHnge
m

ot

+ / 5 D dx dy
Lmo d(l+mlﬁ)-mlmoa Uz

my (1+myB) Do

m02¢ (Lemy B) -mymya y+mﬁ B
my (1+mpB) - mp
+ D dx dy
momd. ( 1+m, B )= omym 8 L)mod( 1+m,B } -y (a+8y)
m) (L+moB ) m;

mod_ y+m2a
2 oy
- —_—— E dx dy (6)
\/;02‘32 -1 med(l+mOB)-m2a

l+m2(3

d(L+myB) -By



10 NACA TN No. 1672

where -
2.2 i
_lml(x+a.) - myd - ;B (y-mod)
D = cosh
mply - m (x + a)]
and
L x- d-moﬁe(y-mod)
E = coe”
B - o
For B> -n%-, equation (6) 4s still valid if J1 - m 22 1is changed to
. l e el ) . - . . . __'_'.__ . - o . _

V J:r:t:,_zﬁE - 1 and the inverse hyperbollic function cosh™t 1s changed to

the inverse cosine function cos'l. -

Equation (6) was. solved for sectlon wave drag and wing wave drag,
and the results are presented in appendix B. The total wave-drag coef-
ficlents are then obtained by the followlng relatlons:

g = Cg  * cd"b.i_P

(7)

The value of CDti is found to be identlcally equal to zero for all

cases satlefylng the limitations imposed in equation (5) and, hence,
CD for the tapered wings consldered. _ _ _

RESULTS AND DISCUSSION

The formilas presented in the appendixes epply to all conventional
taper ratios (0SS A S 1). For the particular case of taper ratio 1
(untapered plan form) the equations presented in appendix A of reference 3
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are in a more convenient form for calculation purposes. Calculations
presented for wings with subsonic maximim—thickness lines are based on
the formilas of reference 1. '

Calculations are made for some typlcal tapered plen forms and also
for a family of tapered wings considered in reference 1; members of a
family are characterized by constant sweepback of the line of maximum
thickness and a comstant value of the paremeter "moment of wing area about
the root chord dilvided by the product of the root chord and the sguare of
the root thickness." This area—moment condition is intended to imply thet,
to a First approximation, the rooct bending stress is the same for all
members of any family having the same thlckness ratilo. (See £ig. 5 of
reference 1 for further details.)

Sectlion wave drag.— Spenwise distributlions of section wave drag for
wings of taper ratio 0, 0.5, and 1.0 are presented in figure 4 for a Mach
number of 3, aspect ratlo 2, and sweepback of 60°. Tuese representative
spanwise drag distributions for wings with supersonic maximm—thickness
lines differ markxedly from those obtained at lower speeds where the wing
is swept well behind the Mach lines. All sections have positive drag at
speeds corresponding tc supersonic meximum~thickness lines, whereas, at
the lower Mach numbers, outboard sections experlience negatlive drag.

(See figs. 6 to 10 of reference 1.)

Wing wave drag.— Varlations of wing wave—drag coefficient with Mach
number for constant-aspect—ratio wings of taper ratios O and 1.0 and 60°
sweepback asre presented in figures 5(a) and 5(b) for aspect ratios 2 end 3,
respectively. For winge of constant aspect ratio, teper Incrsases the
drag coefflcient at Mach numbers for which the maximum—thlckness line is
substantially subsonic, decreases the drag coefficient in the intermediate
range, and has negligible effect when the maximm—thickness line is highly
supersonic. For comparison purposes, the result for the straight wing of
infinite aspect ratio (two—dimensional case) is included in figures 5
to 7. A typical variation in wing wave—drag coefficient with Mach number
is shown in figure 6 for wings of equal root bending stress. (Ths data for
the curves between Mach numbers 1 and 2 are taken from fig. 12 of
reference 1.) Taper is shown to reduce the wing wave—drag coefficient at
Mach numbers for which the maximm—thickness line is substantially subsonic,
increase the drag coefflclent in the intermediate range, and have little
effect when' the maximum—thickness line is highly supersonic. These trends
are silmilar to the ones shown by the effect of high aspect ratio on the
wave—drag coefficient of wings for a given taper ratio. (See fig. 7.)

It must be remembered, however, that for the wings of equal root bending
stress, those with greater taper have higher aspect ratlios, and hance the
drag behavior of these wings 1s, in effect, due to aspect—ratio variations.

Varlation of wing wave—drag coefficient with sweepback for taper
ratio 0.5 and aspect ratioc 2 at a Mach number of 3 (supersonic maximum— -
thickness 1ine) is shown in figure 8. Increased sweepback increases the

drag rather than decreases the drag as 1s the case at lower Mach numbsrs,
that is, for subsonic maximum—thickness lines. Calculations at other
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Mach numbers show similar results for the effect of sweepback. It should
be borne in mind, however, that a comstant aspect ratio was maintained;
that 1s, Increased sweepback was obtalned by sllding each sectlon rearward
rather then rotating the wing panels rearward. o ) .

CONCLUSIONS

The theoretical investigation of supersonic wave drag of swepthack
tapered wings at zero 1ift with thin symmetricel double—wedge sectlons
with maximum thickness at 50 percent chord (rhombic profiles) has been
extended to include "supersonic" maximm-—thickness lines; that 1s, the
flight velocity compoment normasl to the line of maximum thickness is
supersonic. This condition exists at Mach numbers for which the Mach
lines have angles of sweep greater than that of the line 6f maximm thick-—
ness. For purposes of campleteness, the results obtained in NACA TW No. 1448
for "subsonic" maximm—thickness lines are included in the following
conclusions.

1. For wings of constant aspect ratio and glven sweepback, taper
increases the wing wave—drag coefflclent at Mach numbers for which the
maximm-thickness line 1s substantially subsonic, decreases the drag
coefficient in the near-somnic through moderately supersonic range, and
has negligible effect when the maximum—thickness line is highly supersonic.

2. For given sweep and taper ratio, higher aspect ratios reduce the
wing wave—~drag coefficlent at Mach numbers for which the line of maxImum
thickness 1s substantlally subsonic, Ilncreasse the drag coefficient in
the Intermedlate rangs, and have negligible effect when the meximum—
thickness line is highly supersonic.

3. For wings of eguel root bending stress and given sweepback, teper
reduces the wing weve—drag coefficient at Mach nmumbers for which the
maximim—thickness line is substantislly subsonic, increases the drag
coefficient In the intermedlate range, and has negliglble effect when the
meximm=thickness line ls highly supersonic.

k., For given taper ratic and aspect ratio, increased sweepback
reduces the wing wave—drag coefficient at speeds corresponding to subsonic
meximm—thickness lines and increases the drag coefficlent when the
maximm—thickness llne ls supersonic.

Langley Aeronsutical Iaboratory
Nationsl Advisory Comlttee for Aercnautics
Iangley Field, Va., February 25, 1948
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APPENDIX A

EVALUATION OF FQUATIONS (4) FOR SECTION WAVE

DRAG AND WING DRAG EXCLUSIVE OF

mmmméz%;ogxsl)

Sectlon Drag

For _]_._g__ g § 'l-':
mg Ty
ey o am
—— - A+ 3B for 0Osy s 2
4(t/c)? Bmp - 1
=A+C z 2 T <7 Smyd
. mp -
where
A= my o ;ﬂrjo + ml) + amgmy co.sh"l y(l + mlmoﬁe) + amgy
\]l - p2m? Momy

;3[y(m6 + ml) + a.mlmO[

Bly(my + mp) + 2amymp|

-1 y<l - mlmzﬁe) + aam2_|
BlyGme - m) - 2emmp] |
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oL |rlorm)eemm, y(Q + mupZ) + am
pPng® - 1 momp B 7o + mp) + emymy)
vy - mg) -amome (2 - mgugt®) - emp
mem, Bly(ma - mo) - esogme
and

For B > —,
m
“cdc v .——---- ) . '—' - am2
__=A+B+C ' for 0y s
h(‘t/c)e ' Bme-l
am_ auw,
=B+ C+D c <y ¥
pmy - 1 Bmo-l
am Sam
=C+ D+ E ° <¥ < 2
pmy - 1 T Pmy - 1
2&1:12
=D —_— <y Smyd
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where

A= 2mO l:y<mo+m2) +a.m0m2008_l .y<l+m0m252)+a.m2:
Bomg” - 1 e B ly(mp + mp) + amgume)]

+Y(mo-m2)+5-mom2cos_l y(l-mom2B2)+am2]
oMo ﬁly@e'mo) - ey |

o8

gy Blolm + ) + amgm |

L [y@o”:%momlc-l 7@ + mgmp?) + emy

o.M y(up + m) + Smmy o y(L+ mugp?) + 2em,
pom - 1 T T Bly(my + mp) + 2amm, |

9 ) v 2ammy ) 3(1 - mmp®) + 2em
Mo Bl (o - my) - 2ammp|

15
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.2mlTC . l B y - aml
i;gemlﬁ -1 \Ing my

Wing Drag
For = < B <i,
no m
2=A+B for mod§ 2
8(‘0/0) : : ' ’ pmy - 1
&m
~A+C md > 2
' oBmp - 1
where
3 2.2 .
A _ 2a2m0 m sog-1 a - d@ My~ - l)
@102 } mle) \/B%nio&__ N . amp -

. L [(mo + ml)d + elm_-,_‘_l2 coun-l Qf+ mom1[32)d + a

@O + ml) \/l -~ B2mle B Kmo + ml)d + aml\

ol m)e - e (e e
(my - my) l/l_-Bamla o Bl(m - mp)a - =
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8L2"’1mo2
@ + m) V1 - ﬁzr"12

haPm i

f =

a 2
- ————— COSh_l

[(me + mp)dmg + 251“11‘12]

S

[ - m)amo - 2amm[®

2mp @, - m) fL - Baml2

cosh

17

mlB

-2 2 - ang(5%n” - )

1+ Bemi

Vi-6%m® 2m, B

2am22B

1+ mnp)amg + 2em,
B |Gy + mp)amg + 2emymy]

2 (- mmp®)amg + 2em
B @g-ml)dmo 2amym,,
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2
RS 23722;2 e
I - mo7)y R -1 &ty
, L(mo + mo)amo + dmmg]® (& + momop®)amg + emp

Y TR LS

R R T R
n , - mg) Vo2m? - 1 B |(@e - mo)dmo - amgmo|
&aamoem; con™L ——
(m +m1)(3m1-mo)l' e
+ agmgmo cos™t L.
@2 + mo) VBQ‘me2 -1 e
a?m2m0 1
(o o) P52
o, P ® g
m0 + ml)(ml - mo) \l -1 TP
2a2m23m 7

(me %) \[p%ng? - 1 S
n ljdmo<dmo-dm2+2am2)- azmomg]

Bamoz-l ma . mo - Mg
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P =§£ e mot = B::E- 1
e 228w dmy o1 2 = 4(5n° - )
8(+/0)2 @o 2 V%2 - 1 amgp
) ha mlm23 vog-1 2am, < dm, 52m22 - l)
(o2 - m2)/o%,” -2 2aimy
2 m23 cos-1 - ‘3'“‘06‘:5%1‘22 - l>
(@2 - %) V #Pm,® -1 am,
Eme+%)dmo+mEmo]2 2 (2 + mgmep?)am, + emp
my(y + mg) PP - 1 P |(@2 + mo)amo + ampmy)
2 - mo)amo - emmo P @ - mompZ)amy + em
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e .
Q“O +m) (3“‘1 n0Y) { #2mo° 2
a%n m COB-l 1 + - mlmo
(m2+mo)VBZm22 1 mof (mo"'ml)
[__(mo - mlz)d- - emy ]me@ + d) - d2m02
mo - m®
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For B = — and mod>B::2_ N
2a2m03m1 1 8- d@"amo2 - .'L)
8<t/°)2 (mo - mz) amB
hefm m 3 2em,, - dm,(p%m,? - )
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(mo + ml) (Sml mo)ﬁ %E 1P

a""2”‘0 og-l 1

A o A A mﬂW
- mon [dmo(dmo-dmg*f?ama)_ aamc;mz:]

(mo+mJ) 8%m,2 - my  mp - mp

2"10[( - mle)d - & :“/ml (& + ‘1) - a%°
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mp? - m®

[Qameml - (@2 -m12)dm;|r2ﬂ'oa@1 - mp°) + hempm ® (amp + amg)
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For B = —,
Iﬂo
"SCDOD mo [mo E ml)d + a.m] -l (l + momlBEDd + a
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2_ 2
+ &‘" cos™l ——
(o + m)[/6o2 -1 %P
. 2am03m1_ \ / a.(2d + a) hazmoemle
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) %2];6122 - nda '_amomej Vm?(ame + eng) - d2@22 j moz)

2
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2
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pmy - L Pmy - 1
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Bmg-l



. e

NACA TN No. 1672 a2 p -
e ok
- - v

g o

v ! V)/ A ﬂ/;y/ w l“’/"’

mo[@le+mo)d+am2] 1 <l+ 2)dmo+am2

mg(m +m0)\/% -l l(m2+mo)dmo+am?mol
(-}* ‘”‘L)ﬁ/t "T%f;r

n? [ - mo)d-we] -1(l-mzmoﬂ)dmo+me

mg iy - m) |/P%me% - 1 B |(mp - mo) am - emom |

safamd ey - am @ - )
AT -
2a%m 31n:L -1 a - d(32m02 - J)

R AR T emyf

. mo [(mo + ml)d + a.ml]2 coe-l (l + momlﬁa)d + a

Vet o mer ]

mo I:éno - ml)d - a:m]J -1 (l - momlﬁe)d + a

(my - m)V/ 85m = - 2 Bl(mo'ml)d'amll




2k ) NACA TN No, 1672

- - moa“’l sos-l L
o e TR T

I:Q“e - ) ang - E&mlme’-] G- mynp2am, + 2amy

Qn -ml)\/fa-zm_l__—l_ B'(rng-mj)dmo aa.mlm,al

[Qne +";111)dmo + 2a.mlm2] =) é + mlmzee)d.mo + 2am,
22 3 m) VP -1 B+ m)amo + 2empmp

-

+ - mozml cos~L L 4 aa%e cos~+ _i .
(mo + ml) V B ml -1 m 8 (mo-+ ma)v B2m22 -1
haPn 3m, Ly B - m @ - 1)

; mle)\/?m?__? 2am, 2
T 2 agm - + 2am
D = 0 l: 1, 4 (@m - amg + 2 3):]

Bamoz-l IT-11"1'10 my

2a2m23m01t

.
@ - 56)) | o - 2




25

NACA TN No. 1672

- %, ® 82T T
E-= ng {- = +d(dm1-dmo+2aml)]_ A& o
P - 1L Mo~ ™ Ve2me2 - 1 (my? - mg?)

and T ot o L "ng
L o o e ™

F_;’“_z_[amome  amg(eam, - am, + om)
B%my® - 1| 3my - m my |

—

e ————

ePnm_ s

- &21011"02 cos™t - = !
Y o (moml)m—s i P

hagmoz - i gL l
(o - m) (a0 + =)/ 8%0% - 2




26

‘NACA TN No. 1672

APPENDIX B

EVALUATION OF FQUATION (6) FOR TIP EFFECTS (B > %; 0Oghrg 9

For aspect-ratio limitetions, see equation (5).

nA
w
uA

For

5l
A

where A 1s evaluated ir the region

and is equal to

2y - m) - emag

mo\/1 - my 2

Section Drag Increment—

"Ca431p°

=A+ B C
J-l-('b/c)2 e
d.moe(l + Bml) - amm, <

m @+ pmy)

yS amy

L1 m (- mmp®) - ang® - m %)+ ampmy

o (g - m) - emgm|

L1 By + smm, - dng?

- 2(y - dmo) cosh

B is evaluated in the region

and is equal to

] QRmO - ml)y - a.moml]

m VT - mlzﬁz_

pmym (am, - 7)

d'momQG' + Bml) - 2amm,
m (L + Pup)

nA
A

y

amy

1 7 Bmy -0 mym )+ 2emymg - amg(2 - m B9

cosh

2pmy| ¥ (o - m) - emom|

+ (.Y - dJﬂQ) cosh™t y(anl i, mo) * mO(Eaml - d.mo)

pmym, (@5 - 3)
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14+ B -
and C is evaluated in the region dma( IDO) am?éygd.mo
l+(3m2

and 1s equal to

[r(mp - mo) - emgm] ) 3 - mp?) - amp - m%) 4 em,
n, o2 2 - 1 8|7 (mp - mg) - emgmy|

¥+ me(a - d)

B, @mg - 9)

- E(y - d.mo) cosh~t

For B>mi, use the same formulas as for J‘—éﬁém-l—‘ but
1 1

change |/1 - m12B2 to \/ Beml2 -1 and cosh"l to cos™l in the first

term only of both A and B.

Wing Drag Increment

The increment in wing wave drag caused by the tip is identically
equal to zero for all cases satlsfylng these aspect-ratio limitaticms.
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Figure 6.~ Variation of wing wave-drag coefficient with Mach number for wings of constant
aspect ratio. .Swespback of maximums-thickness lire, 60°, Mach lines are parallel to
the meximum-thickness line at Mach number 2.0.
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Figure 8.~ Variation of wing wave-drag coefficient with Mach mumber for wings of equal root
bending stress. Sweepback of maximum-thickness Hne, 60°. Mach lines are parallel
to the maximum-thickness line at Mach number 2.0.
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Figure 7.- Varlation of wing wave-drag coefficient with Mach number for wings of faper ratio Q.
Sweepback of maximum-thickness line, 60°; Mach lines are parallel to the maximum-thickness
line at Mach number 2.0.
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Figure 8.- Variation of wing wave-drag coefficient with sweepback of
maximum-thickness line. Taper ratio, 0.5; aspect ratio, 2;
Mach number, 3. i



